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Abstract 
The aim of the work was to determine the influence of pregelatinized maize starch properties on the dissolution rate 
of caffeine. The intrinsic dissolution rate apparatus was used to investigate the process of drug dissolution. 
Dissolution profiles of caffeine mixed with 5 different maize starch samples, using caffeine : starch ratio (4:1), were 
measured. The dissolution profiles of all caffeine-starch mixtures are presented, as well as the results of the 
mathematical model, consisting of the equations for caffeine concentration change and for the starch layer change in 
time. The values of 3 parameters of the dissolution model were estimated using non-linear regression analysis. 
Caffeine effective diffusivity in swollen starch layer was found to be strongly related to the starch swelling capacity.  
 
© 2012 Published by Elsevier Ltd. Selection under responsibility of the Congress Scientific Committee 
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1. Introduction 
Starch represents one of the most widely used pharmaceutical excipients. However, it can be also 
considered one of the most complicated excipients as its physicochemical and functional characteristics 
can vary a great deal even among starch samples of similar origin. Although the QC requirements on 
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pregelatinized starch properties are relatively tight, still the limits are wide enough to have substantial 
effect on API release from the dosage form. Pregelatinized maize starch is commonly used as a binder-
disintegrant in immediate release tablet formulations, but it was also considered for sustained release 
formulations [1-3]. Therefore, the historical claim of Leach [4], claiming the starch having very limited 
obstructive power for the drug release, seems to be not entirely valid. Also Levina [5] reported that 
pregelatinized maize starch contributed to retardation of both soluble and slightly soluble drugs compared 
to microcrystalline cellulose or spray-dried lactose. Onofre [6] further examined the effects of starches 
having different cross-linking on sustained release from matrix type tablets and observed substantial 
differences among the starch samples. However, modified starches from different sources showed 
different sustained release properties that were not a simple function of cross-linking or any other single 
starch parameter. Hence, the aim of this study was to examine the effect of different starch samples on the 
release rate of the active ingredient, describe the release by the mathematical model, and examine the 
correlation among the key model parameters and selected functional characteristics of the maize starch.  
 
Nomenclature 
 
A Wood’s apparatus die cross-section surface area, cm2 
c mass concentration in dissolution medium, g.cm-3 
D diffusion coefficient, cm2.s-1 
Def  effective diffusion coefficient in the swollen starch matrix, cm2.s-1 
L Wood’s apparatus die diameter, cm 
RST,dis  linear rate of starch layer dissolution/decay, cm.s-1 
t dissolution time, s 
U superficial liquid velocity, cm.s-1 
V  volume, cm3 
w  mass fraction of caffeine in caffeine-starch mixture, - 
δ thickness of the swollen leached starch matrix, cm 
δHL  hydrodynamic layer thickness, cm 
 
Indices 
0 initial value 
CAF caffeine 
ST starch  
*  equilibrium – saturated solution 
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2. Materials and methods 
Six samples of pregelatinized maize starch were obtained by courtesy of Zentiva company (Czech 
Republic). The samples were of different origin, but all complied to pharmacopeia and quality control 
specifications. The starch samples were characterized by determining their swelling capacity, solubility, 
moisture content, and DSC curve. 
Starch solubility was determined at 20 and 35 °C. Starch sample (0.5 g) was added in a beaker, wetted 
by ethanol, and the distilled water (40 ml) was added. The mixture was stirred at desired temperature for 
30 minutes, then centrifuged and filtered. The filtrate was evaporated to dryness at 105 °C and the residue 
was weighted to obtain the amount dissolved. 
Starch swelling capacity was determined by mixing the starch (1 g) with distilled water (25 ml) for 30 
minutes in magnetic stirrer. The mixture was transferred into 25 ml volumetric cylinder, left swelling for 
24 hours, and the volume of the swollen layer was determined. Swelling capacity was expressed as a ratio 
of the swollen layer (V) to initial starch bulk volume (V0). Summary of starch properties is given in tab. 1. 
Table 1. Basic properties of pregelatinized maize starch samples (A – E) used for experiments (V/V0 – swelling capacity; wH2O – 
moisture content; wdis,20°C, wdis,35°C – solubility at 20 or 35 °C respectively) 
Starch ID A B C D E 
V/V0 4.9 4.4 5.7 8.1 7.7 
wH2O, % 8 8 8 7 7 
wdis,20°C, % 10.3 6.4 10.9 8.9 6.8 
wdis,35°C, % 12.2 13.4 13.5 10.6 8.0 
 
In order to study the starch effect on release rate, model mixtures of caffeine and starch were prepared, 
using different starch sample for each mixture and maintaining the same caffeine : starch ratio (4:1). 
Laboratory 0,8 l tote blender Hotic (Tico, Czech Republic) was used for mixture preparation (30 min, 24 
rpm). 
For dissolution tests, a mixture was compressed by 10 kN force into the standard stainless steel die of 
the traditional Wood’s apparatus for intrinsic dissolution rate measurement. Then the die was mounted on 
the rotor shaft and the dissolution experiment was carried out using Sotax AT7 Smart dissolution 
apparatus (50 rpm, 900 ml 0,1M HCl, 37 °C). Samples were taken initially in 1 min and later in 
prolonged intervals and analyzed by UV spectrophotometer (UV Mini, Shimadzu). The dissolution 
measurements were performed for each sample and average from three measurements was used for 
further processing. 
 
3. Results and discussion 
The results of dissolution experiments are shown in fig. 1 (data points). Unlike the typical IDR results 
exhibiting linear profiles, the observed curves were non-linear, proving the obstructing effect of starch on 
caffeine release. The dissolution rate at t → 0 (or the slope of dissolution profile at point zero) approaches 
the value obtained for pure caffeine, multiplied by wCAF. However, the release rate quickly decreases, 
until another period of constant release rate (linear concentration curve) is achieved. The release rate of 
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the later period is slower than that at t → 0 and there are also marked differences among different starch 
samples.  
 
Fig. 1. Cumulative dissolution profiles of caffeine released from caffeine-starch matrix comprising different pregelatinized maize 
starch samples (A – circles, B – boxes, C – triangles pt. up, D – triangles pt. down , E – diamonds) measured in standard IDR 
apparatus (900 ml 0,1M HCl, 50 rpm); lines represent solution of mathematical model eqn. (2-3) 
 
Fig. 2. Scheme of caffeine release from caffeine-starch mixture compressed in the standard IDR apparatus die 
The profile shape can be explained by mechanism shown schematically in fig. 2. The dissolution rate r 
is determined by Noyes-Whitney equation r = KA(c* – c), where the dissolution rate constant K is given 
by the ratio of caffeine diffusion coefficient in dissolution media to the hydrodynamic layer thicknes. This 
value remains approximately constant throughout the experiment, but as the caffeine dissolves faster than 
0,0 
0,2 
0,1 
c, g.l-1 
0 60 30 t, min 
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the rest of starch matrix decays (due to its dissolution and disintegration), a swollen starch layer develops. 
This layer is ‘leached’ and contains substantially no caffeine. Hence, the dissolving caffeine has to pass 
not only through the hydrodynamic layer, but also through the leached layer. The more caffeine dissolves, 
the thicker the leached layer becomes and the dissolution rate decreases even further. The leached layer 
thickness simultaneously decays, as it is exposed to dissolution media. The processes of leaching and 
leached layer decay eventually reach equilibrium, resulting in constant thickness of the layer and thus 
constant release rate. 
The validity of the theoretical mechanism proposed above was validated by a mathematical model. 
Equation (2) is the Noyes-Whitney equation extended by the assumption that the caffeine surface area is 
equal to A·wCAF, the experiment is carried out under sink conditions (c << c*), and the resistance to 
dissolution is due to the combined effect of hydrodynamic and leached layer. Equation (3) characterizes 
the thickness of the swollen starch leached layer in terms of its increase by caffeine dissolution and 
decrease by the layer decay.  
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In equation, where c is mass concentration, t is time, w is the mass fraction of caffeine in caffeine-
starch mixture, V is the volume of dissolution medium, A is the die cross-section surface area, δHL is the 
hydrodynamic layer thickness, D is the diffusion coefficient, Def is the effective diffusion coefficient in 
the swollen starch matrix and δ is the thickness of the swollen leached starch matrix. Indices CAF and ST 
denote caffeine and starch respectively, * denotes the saturated concentration. 
The δHL thickness was expressed as a function of the diffusion coefficient, kinematic viscosity of the 
dissolution media (ν = 0.00696 cm2sec−1 at 37 °C), die diameter (L) and superficial liquid velocity (U), 
adopted from Nelson [7]. 
 
U
LD 6/13/1HL 6.2 QG    (4) 
 
The data of all experiments were processed simultaneously by the multi-response nonlinear regression 
analysis (ERA 3.0 software [8]), because the caffeine diffusion coefficient has to be obviously identical 
for all samples. Since we lacked the data to allow as separating the individual parameters of the decay 
term in the equation (3), it was lumped into one parameter – the linear rate of starch layer 
dissolution/decay RST,dis. The model was able to fit the experimental data very well, as shown on the 
comparison of experimental points and simulated curves in fig. 2. Estimated parameters, given in tab. 2, 
exhibit significant differences among different starch samples.  
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Table 2. Estimated dissolution parameters of caffeine/starch mixture with different pregelatinized maize starch samples (A – E), 
related to model equations (1 – 2) 
Starch ID A B C D E 
DCAF, cm2.s−1 4.20 × 10−6 
Def/DCAF 180 181 135 30 25 
RST,dis, cm.s-1 (×103) 0.09 0.61 < 0.01 1.38 1.34 
 
The correlations between the estimated parameters on one side and the functional characteristics of 
starch samples given in tab. 1 on the other side were further examined. Strongest correlations for each of 
the parameters are reported in the form of correlation diagrams in fig. 3. Caffeine diffusivity in the 
leached layer is strongly negatively correlated to the swelling capacity of the starch used. It can be 
explained by the fact that the more swelling occurs the more dense environment develops to obstruct the 
caffeine diffusion in the leached layer. The rate of starch layer decay was, not surprisingly, related to the 
experimentally determined starch solubility (fig. 3b). Surprisingly though, the correlation is not complete 
between RST,dis and  wdis,35°C, and hence there are most certainly also another effects playing the role in 
starch layer decay. 
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Fig. 3. (a) Relationship between the diffusion barrier strength and starch swelling capacity (Def/DCAF) = − 47,2 V/V0 + 401, R² = 
0,9797; (b) Relationship between the rate of starch barrier decay and starch solubility RST,dis = − 0,230 wdis + 3,33, R² = 0,6388  
 
4. Conclusions 
Results of this study confirmed the pregelatinized maize starch, used as a binder-disintegrant in drug 
formulations, can significantly alter the active ingredient release profile. Moreover, we demonstrated the 
different maize starches within the pharmacopeial requirements can exhibit substantial differences in their 
effect on drug dissolution. Since we used the experimental arrangement similar to that of intrinsic 
dissolution measurements, we were able to study the effect on release independently of the dosage form 
disintegration.  
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We proposed a mechanism of starch action in obstructing the release of the active ingredient in the 
form of a mathematical model. The model solution was in a very good agreement with the experimental 
data. Hence, the retardation effect of starch on the release rate is determined by the effective diffusivity of 
active ingredient within the swollen starch layer and by the rate of starch layer decay. In addition, the two 
parameters, depending on easily measurable starch functional characteristics, were identified. While the 
results look very promising, there is still a space for further research as our study so far includes only one 
active ingredient.  
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